different wind angles: 0°, 15°, 30°, and 45°. Results showed that there is a significant influence 23 of the upstream building on the wind characteristics above the principal one. In general the wind 24 angle of 45° is shown to be the most desirable angle for wind energy harvesting. The results of 25 this work provide for the first time a database for the validation of computational fluid dynamic 26 simulations for flat roof that will hopefully be used for more detailed investigations for urban 27 wind energy harvesting. 28 
29

Introduction
30
Renewable energy brings economic, environmental and social benefits to our community. 31 One potential strategy related to energy is to maximize city's own energy generation of 32 renewable energy and in the same way to minimize its impact on health and environment [1, 2] . 33 In recent years, most of the wind energy was coming from flat terrain installations [3] . However, 34 the urban environment has a potential for the wind power that has not been exploited [3, 4] . 35 There are several advantages of harvesting wind energy in urban environment summarized in 36 [3], such as the increased profitability of buildings, promoting the concept of zero-carbon 37 building, the proximity to the consumption points enabling easier exploitation and the handy 38 maintenance of wind harvesting devices. Nevertheless, the biggest disadvantage is related to the 39 wind profile in urban environment as that is quite different from the classical log-law based 40 profile [5, 6] . 41 1 Due to large roughness length, the average velocity of the wind is lower in urban 1 environments than over a flat terrain, where as the turbulence intensity is significantly higher [7] . 2 These high levels of turbulence intensity are affecting the operability and the lifetime of wind 3 turbines [7] . Therefore, wind turbines have to withstand a larger amount of fatigue loads that can 4 affect the constructional design requirements of the wind turbines [8] . Thus, the turbulence 5 intensity is an important factor that should be taken into consideration when wind harvesting is 6 in question. 7 Despite existence of lower levels of average velocities in urban areas, regions with significant 8 local high wind velocities are detected around and above buildings [1, 7] . For instance, such 9 velocities can exist in the regions above separation bubbles that normally are formed above flat 10 roofs of buildings [9] . This flow acceleration is evidently of great importance for the choice of 11 the optimal location of the wind turbine. Taking into account that the energy given by the wind is 12 a function of the third power of wind speed [7] , wind turbines are best placed in areas where 13 significant flow acceleration effect (speed up effect) is present. Other studies were concerned with the flow pattern developed around buildings. In particular, 36 the flow pattern generated close to the edges of the roof for oblique wind directions has been 37 well documented [20] [21] [22] [23] [24] . This pattern consists of two conical vortices, each associated with one 38 of the upstream edges of the roof. Interest in such flow was raised due to the large wind loads as 39 a consequence of high suction fluctuations caused by observed vortices. Mostly these studies are 40 related to the isolated low-rise building. Although flow around isolated building has intensively 41 studied in the past, the effect of upstream buildings on the conical vortices generated on the roof 42 of a downstream building was not properly investigated [15] . In addition, all of those studies are 43 focused on wind loading, in particular suction pressures, and not on urban wind energy 44 harvesting. 45 When urban wind harvesting is in question, previous studies [1, 7] have addressed the effect 1 of different roof profiles on both wind velocity and turbulence intensity. In these studies, four 2 types of roofs were analyzed: flat, sloped, pitched and pyramidal roofs. In addition, [25] and [26] regions of such high turbulence intensity levels, hot-wire measurements are expected to be 10 affected by some inaccuracies and therefore the results cannot be treated as reliable [29] . 11 Nevertheless, these high values of turbulent intensity confirm the existence of separated flow.
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In contrast to 0° case, the velocity profile for 15° wind angle is different, showing a formation 
27
The flow pattern above the roof can be analysed as well on the bases of the surface pressure.
28 Fig. 4 shows contours of the mean surface pressure coefficient at the four measured wind angles. 29 The pressure coefficient, C p , is defined as: In this study the local velocity vector is calculated based on the two measured velocity 18 components: stream-wise and vertical. As expected, very small skew angles are related to the 19 flow above the roof at 0° wind angle (Fig. 7) , due to the small value of the vertical component. over a certain zone above the roof (Fig. 8.b) . It is interesting to note, that part of these locations, 6 detected as a speed-up region above the middle point 36, show an increase in the vertical 7 velocity component (Fig. 8.b) at locations further away from the roof. The reason could be 8 found in the incoming air that has to overcome the obstacle -the principal building -by lifting 9 over the roof of the building. This can be supported by observing the flow over the stream-wise 10 diagonal of the roof above the height z/D=0.3 (Fig. 8.d) . Nevertheless, in this case small skew 11 angles are detected, not exceeding 5%.
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In order to further investigate the origin of observed flow characteristics, i.e. the influence of 
